The 24-week extension of AIDS Clinical Trials Group Protocol 359, a study of human immunodeficiency virus (HIV)-infected, indinavir-experienced patients, was designed to study the durability of "salvage" treatment regimens. Patients received saquinavir in combination with either ritonavir or nelfinavir and, in addition, delavirdine, adefovir, or both. Patients who demonstrated a virologic response at weeks 12-16 were eligible to continue therapy in the extension through week 48. Of the 105 eligible subjects who were enrolled in the extension, 86 (82%) completed 48 weeks, and 49 (57%) of those 86 had HIV RNA levels р500 copies/ mL at week 48. For these 86 subjects who completed 48 weeks, the median change in CD4 cell count from baseline was +72 cells/mm 3 . Greater body weight, higher CD4 cell count, and greater degree of phenotypic susceptibility to indinavir and saquinavir at baseline were significantly associated with durable virologic suppression. These results show that some patients who experience treatment failure can demonstrate durable virologic and immunologic responses with salvage antiretroviral regimens.
. Greater body weight, higher CD4 cell count, and greater degree of phenotypic susceptibility to indinavir and saquinavir at baseline were significantly associated with durable virologic suppression. These results show that some patients who experience treatment failure can demonstrate durable virologic and immunologic responses with salvage antiretroviral regimens.
Current treatment guidelines recommend starting therapy for human immunodeficiency virus (HIV) infection with 2 nucleoside analogue reverse-transcriptase inhibitors in combination with 1 or 2 protease inhibitors or a nonnucleoside analogue reversetranscriptase inhibitor [1, 2] . However, 20%-63% of patients from clinical cohorts experience virologic treatment failure while receiving combination antiretroviral therapy [3] [4] [5] [6] [7] . Recent prospective studies have attempted to identify strategies for treatment of the treatment-experienced patient [8] [9] [10] [11] [12] [13] , but these studies have focused primarily on 8-24-week virologic responses to treatment. The durability of virologic and immunologic re-sponses to salvage antiretroviral therapy regimens is largely unknown. To address this, we prospectively followed up for an additional 24 weeks, as part of a treatment extension, indinavirexperienced patients who demonstrated an initial response to a new antiretroviral salvage therapy regimen by week 16 (determined at week 24).
Methods

Study design and population.
AIDS Clinical Trials Group (ACTG) protocol 359 was a randomized, partially double-blind, Written informed consent was obtained from all patients or their guardians, and the human experimentation guidelines of the US Department of Health and Human Services and the individual institutions were followed in conducting this research. R.M.G. received research grants from Abbott and Merck and speaker honoraria from Merck and served as an ad hoc consultant for Bristol-Myers, GlaxoSmithKline, and ViroLogic. S.F. received research grants and a speaker honorarium from GlaxoSmithKline. R.H. received research grant support and occasional speaker honoraria from Agouron, GlaxoSmithKline, Vertex, and ViroLogic. R.S. received a research grant from GlaxoSmithKline. Figure 1 . Virologic responses in antiretroviral-experienced subjects included in a study of salvage therapy. HIV, human immunodeficiency virus.
factorial, 48-week study (24-week primary study and 24-week extension) of 6 oral antiretroviral regimens that combined open-label saquinavir soft-gelatin capsule (sgc; 400 mg) with ritonavir (400 mg), given twice daily, or saquinavir sgc (800 mg) with nelfinavir (750 mg), given 3 times daily, and, in addition, placebo-controlled delavirdine (600 mg twice daily), adefovir dipivoxil (120 mg once daily), or both delavirdine and adefovir dipivoxil (at the same dosages) (table 1) . In addition, all subjects took L-carnitine, 500 mg daily. The details of the initial 16 weeks of this study have been reported elsewhere [9] . After 16 weeks, the dosage of adefovir dipivoxil was reduced to 60 mg once daily. After that time, subjects could, with permission, continue to take adefovir at the reduced dose or substitute or add у1 approved nucleoside analogue. Before enrolling in ACTG 359, subjects had taken indinavir for at least 6 months but never had taken nonnucleoside reverse-transcriptase inhibitors or adefovir dipivoxil. Subjects eligible for the treatment extension had a documented virologic response during the initial period of ACTG 359, defined as the geometric mean of HIV RNA levels at weeks 12 and 16 being either р5000 copies/mL or у1 log 10 copy/mL below levels at baseline (week 0) (levels were measured with the Amplicor HIV Monitor Test; Roche Diagnostic Systems; limit of quantification, 500 copies/mL). If either the week 12 or the week 16 HIV RNA measurement was missing, the other was used as the level for the subject. Eligible patients were encouraged to continue the initial randomized therapy regimen for a total of 48 weeks.
Study procedures. Subjects had study visits every 4 weeks through week 48. At each visit, a clinical assessment and laboratory tests were done. Plasma was processed every 4 weeks through week 16 and every 8 weeks through week 48 and assayed in real time for HIV RNA (Amplicor HIV Monitor Test) at a central laboratory (University of North Carolina or University of Washington). Samples with HIV RNA levels of р500 copies/mL were retested with the Ultrasensitive HIV RNA assay (Roche Diagnostic Systems; limit of detection, 50 copies/mL). A subgroup of the study population, selected by stratified simple random sampling without replacement, underwent phenotypic resistance testing at baseline (Phenosense; ViroLogic). T lymphocyte subsets were quantified by flow cytometry every 4 weeks through week 16 and thereafter every 8 weeks through week 48.
Adverse events were graded using standardized ACTG guidelines. Adverse events of moderate (grade 2) or greater intensity were recorded so that the safety and tolerability of the study treatments could be evaluated. A protocol-specified definition of proximal renal tubular dysfunction was used that identified the disease by a serum creatinine level of у0.5 mg/dL above baseline and a serum phosphate level of !2.0 mg/dL or either of these abnormalities and 2 of the following: proteinuria (у2ϩ), glycosuria (у1ϩ) in the absence of hyperglycemia, hypokalemia (potassium level of !3.0 mEq/L), or a serum bicarbonate level of !19 mEq/L.
Statistical analysis. The primary study objective of the treatment extension (weeks 16-48) of ACTG 359 was to evaluate the durability of virologic response among subjects who had plasma HIV-1 RNA levels of р500 copies/mL at 16 weeks. Durability of antiretroviral responses was evaluated in subjects who had demonstrated a virologic response (as defined above) by weeks 12-16. Safety analyses were based on data from subjects who received at least 1 dose of study medication. All tests were 2-tailed, and P ! was considered to be significant. Binary responses were analyzed .05 using Fisher's exact test and the Pearson x 2 test; quantitative responses were analyzed using the Wilcoxon rank sum test and the F test for comparisons of 2 and 12 groups, respectively.
Results
Baseline characteristics and study disposition. Of 277 subjects who enrolled in ACTG 359, 120 (43%) were eligible for the treatment extension, according to the prespecified criteria for virologic response (figure 1). A total of 105 (88%) of 120 eligible subjects entered the treatment extension at week 24, and 15 (12%) chose not to participate. There were no significant differences in baseline parameters between the eligible subjects who did and those who did not participate, with the exception of median age (extension participants, 40 years; extension nonparticipants, 45 years;
, by the Wilcoxon rank sum test). P p .05 Of the 156 subjects selected by stratified random sampling to undergo phenotypic resistance testing at study entry, 56 eligible subjects participated in the study extension. At study entry, the median saquinavir IC 50 among these 56 subjects was 0.88 mM, and the median indinavir IC 50 was 3.5 mM.
Of the 105 treatment extension subjects, 70 (67%) had HIV RNA levels of р500 copies/mL at week 16, and 35 (33%) had HIV RNA levels that were 1500 copies/mL but were у1 log 10 copy/mL below baseline levels or р5000 copies/mL. Eighty-six (82%) of 105 subjects completed the treatment extension through week 48, and 19 (18%) left the treatment extension early. The reasons for premature treatment discontinuation were as follows: death ( ; due to severe anemia at week 39 that was judged n p 1 by the site investigator not to be related to study treatment), toxicity (proximal renal tubular dysfunction, ; increased n p 3 hepatic transaminase levels, ; rash, ; other, ), n p 1 n p 1 n p 1 need for medication that was excluded by the protocol (n p ), and increase in HIV RNA levels ( ). There were no 1 n p 11 significant differences in the proportions of subjects who discontinued study treatment early among the 6 treatment arms ( , by Pearson x 2 test). Between weeks 16 and 48, 12 P p .82 subjects chose to substitute stavudine for adefovir, and 8 subjects added nucleoside analogues (stavudine, , or lamin p 7 vudine, ) to their study regimens, which was permitted in n p 1 the protocol.
HIV RNA responses. Of 105 eligible subjects who participated in the treatment extension, 86 (82%) completed 48 weeks of the study, and of these, 49 (57%) had HIV RNA levels of р500 copies/mL at week 48 (table 2 and figure 1). Of subjects with HIV RNA levels of р500 copies/mL at week 16, 43 (61%) of 70 (missing-equals-failure analysis, in which subjects with missing 48-week data were assessed as experiencing virologic failure in the analysis) and 43 (70%) of 61 (missing-equalsexcluded analysis, in which subjects with missing 48-week data were excluded from the analysis) had HIV RNA levels of р500 copies/mL at week 48. Of subjects who had HIV RNA levels of 1500 copies/mL at week 16, 5 (14%) of 35 (missing-equalsfailure analysis) and 5 (22%) of 23 (missing-equals-excluded analysis) had HIV RNA levels of р500 copies/mL at week 48 (figure 1). Of the 86 subjects who completed 48 weeks of study, the median change in HIV RNA levels from baseline through week 48 was Ϫ1.34 log 10 copies/mL (table 2 and figure 2). Among the eligible subjects who participated in the study extension, who had HIV RNA levels of р500 copies/mL, and for whom plasma samples were available for testing, HIV RNA levels were р50 copies/mL in 37 (60%) of 62 at week 16, 31 (62%) of 50 at week 24, and 35 (76%) of 46 at week 48.
For the treatment-extension study population, there were no significant differences in the proportions of subjects with HIV RNA levels of р500 copies/mL at either week 16 or 48 (missingequals-failure or missing-equals-excluded analysis) between the pooled ritonavir and nelfinavir groups or among the pooled delavirdine, adefovir dipivoxil, and delavirdine/adefovir dipivoxil-combination groups. In a multivariate logistic regression analysis of the effects of various baseline parameters (race, sex, age, body weight, duration of prior indinavir use, HIV RNA level, CD4 cell count, and treatment assignment) on the durability of virologic response from week 16 to week 48, only the baseline CD4 cell count was significantly associated with the response ( , missing-equals-failure analysis; P p .01 P p , missing-equals-excluded analysis). After baseline HIV .002 RNA level and CD4 cell count were replaced with week 16 values in the analysis, week 16 CD4 cell count was significantly positively associated with a durable virologic response (P p , missing-equals-failure analysis; , missing-equals-.03 P ! .001 excluded analysis; x 2 test). After the week 16 CD4 cell count was accounted for, the baseline CD4 cell count was no longer significantly associated with HIV RNA levels of р500 copies/ mL at week 48.
Of the 56 subjects selected by stratified random sampling from the study population to undergo phenotypic resistance testing, 38 had HIV RNA levels of р500 copies/mL at week 16. For those 38 subjects, a multivariate logistic regression analysis of the effects of the baseline parameters and the phenotypic susceptibility to indinavir or saquinavir (fold change in IC 50 ) indicated that a greater baseline body weight (P p ), a higher CD4 cell count ( ), and a lower baseline .03 P p .001 fold change in indinavir IC 50 relative to the drug-susceptible control virus ( ) were significantly associated with the P p .04 durability of virologic response. After the baseline HIV RNA and CD4 cell count were replaced with the week 16 HIV RNA and CD4 cell count in the analysis, a greater baseline body weight ( ), a higher week 16 CD4 cell count ( ), Linear regression analyses demonstrated that, of the baseline and week 16 parameters, only the week 16 CD4 cell count ( ;t test) was significantly associated with the change P ! .001 in CD4 cell count from baseline to week 48. The changes in CD4 cell count at week 48 were also significantly correlated with HIV RNA level at week 48 ( ; t test), with greater P p .002 increases in CD4 cell counts associated with lower week 48 HIV RNA levels. For those subjects with baseline phenotypic resistance data available ( ), a lower baseline fold change n p 48 in saquinavir IC 50 was significantly associated with the change in CD4 cell count from week 16 to week 48 ( ; t test). P p .042 Adverse events. A total of 11 (10%) of 105 subjects had grade 3 or greater signs or symptoms at some point from week 16 through 48. The distribution among the treatment arms was as follows: 0 patients (arm A), 3 (arm B), 0 (arm C), 1 (arm D), 2 (arm E), and 5 (arm F) (
; log-rank test). Of these P p .01 symptoms, the most common were ache or pain and diarrhea or loose stools. Although only 3 (1%) of 277 subjects had experienced proximal renal tubular dysfunction by study week 16, 32 additional subjects experienced proximal renal tubular dysfunction between weeks 16 and 48. There were no differences in the occurrence of proximal renal tubular dysfunction among the 4 adefovir-containing treatment arms ( ) or between P p .26 the pooled ritonavir and nelfinavir plus adefovir treatment arms ( ). A total of 29 (28%) of 105 subjects had grade 3 or P p .52 greater laboratory abnormalities (other than those associated with proximal renal tubular dysfunction) between weeks 16 and 48. The distribution among the treatment arms was as follows: 5 patients (arm A), 3 (arm B), 9 (arm C), 4 (arm D), 5 (arm E), and 3 (arm F) ( ; log-rank test). Of these abnor-P p .21 malities, the most common were triglyceride levels of 1750 mg/ dL, absolute neutrophil count of !750 cells/mm 3 , and creatine phosphokinase levels unrelated to exercise 14 times the upper limit of normal.
Discussion
The durability of antiretroviral responses to salvage therapy in treatment-experienced patients is not well known. We found that in a group of patients taking indinavir-based regimens who had HIV RNA levels of 2000-200,000 copies/mL and who were randomly assigned to receive new antiretroviral regimens, 78 (31%) of 254 had HIV RNA levels of р500 copies/mL at week 16 [9] and 49 (57%) of the 86 eligible subjects who completed the 24-week treatment extension had HIV RNA levels of р500 copies/mL at week 48. Of 70 subjects with HIV RNA levels of р500 copies/mL at week 16 who entered the treatment extension, 43 (61%) had HIV RNA levels of р500 copies/mL at week 48. The virologic treatment response rates may be underestimated in these results, because some subjects with suppressed viremia discontinued study treatment early for other reasons. In the same group, median CD4 cell counts increased by 19 cells/mm 3 between baseline and week 16 for the entire study population [9] and by an additional 9 cells/mm 3 between week 16 and week 48 for the treatment extension population. This study shows that some patients who responded initially to an antiretroviral salvage therapy regimen demonstrated durable virologic and immunologic treatment responses over the course of 48 weeks.
Several randomized studies of salvage antiretroviral regimens have been reported, but most have focused on short-term virologic end points. One of the first such trials, ACTG 333, a study of saquinavir-experienced subjects, was stopped early when a significant, though modest, difference in virologic response to the treatment regimens was detected at week 8 [8] .
Other studies, such as the original report of the current study, ACTG 359 [9] , GlaxoSmithKline 2007 [10] , ACTG 372b [11] , and ACTG 398 [12] , focused on short-term end points at weeks 16-24 and showed disappointing virologic response rates. One small study by Tebas et al. [13] found a better virologic response rate among nelfinavir-experienced patients who changed to a regimen containing ritonavir and saquinavir. Benson et al. [14] recently found improved virologic responses among protease inhibitor-experienced subjects who began a regimen containing lopinavir/ritonavir. Because subjects who enter salvage studies have, by definition, already experienced virologic failure during prior treatment, a high treatment failure rate also may be expected when these patients begin a subsequent regimen. Using data from the EuroSIDA clinical cohort, Mocroft et al. [15] assessed response rates to second-line protease inhibitor regimens among 984 patients and found that only 43% suppressed virus loads to р500 copies/mL over the course of 6 months. Given that there are multiple reasons for virologic treatment failure (e.g., adherence, pharmacokinetics, and resistance and cross-resistance), it is notable that a durable response was achievable with a salvage regimen in the current study, albeit in a subgroup of patients.
The primary analysis at week 16 in this study showed a statistically significant difference in the virologic responses rates that favored the delavirdine-containing regimens [9] . One hypothesis for the difference in virologic response rates among the regimens was the demonstration of significant, although unanticipated, pharmacokinetic interactions among the study drugs [16] . Interestingly, the durability of the regimens, as measured by the antiretroviral responses from week 16 to week 48, was not different among the same study regimens. We speculate that the differences in drug concentrations led to early treatment failure in some patients but not in others, and that those in whom early treatment failure did not occur were able to achieve durable responses.
Clinical progression of HIV infection is strongly linked to CD4 cell count [17, 18] . The change in CD4 cell count that is associated with antiretroviral therapy occurs in 2 phases: a rapid increase during the first 8 weeks of treatment (phase 1) and a slower increase after 8 weeks (phase 2). Renaud et al. [19] found that, among nucleoside analogue-experienced subjects starting treatment with a protease inhibitor, both baseline CD4 cell count and the slope of CD4 cell decline before therapy was initiated predicted the phase 1 CD4 cell response but that reduction in virus load predicted the phase 2 CD4 cell response. In the EuroSIDA cohort, an HIV RNA level of !500 copies/ mL was the strongest predictor of immunologic response (defined as an increase in CD4 cell count of at least 50 cells/mm 3 over the baseline value) among patients receiving a second regimen including protease inhibitors [15] . Deeks et al. [20] studied a cohort of 380 patients who were taking protease inhibitors and found a significant correlation between mean changes in virus loads and CD4 cell counts over the course of 96 weeks. In the present study, the week 16 CD4 cell count was significantly associated with durable virologic suppression from weeks 16 to 48, and the greater the degree of virologic suppression at week 48, the greater the increase in CD4 cell count from week 16 to week 48. In addition, changes in CD4 cell counts from baseline or week 16 to week 48 were significantly different among groups with week 48 HIV RNA levels of р50, 150-500, 1500-5000, and 15000 copies/mL; a greater degree of virologic suppression was associated with a larger increase in CD4 cell count.
Subjects who tolerated the study regimens for 16 weeks infrequently developed treatment-limiting toxicity responses after that time. The exception to this was the nephrotoxicity associated with adefovir dipivoxil, which occurred in only 3 (1%) of the original 277 study subjects by week 16 (dose, 120 mg of adefovir dipivoxil) but in 32 additional subjects during the treatment extension, between weeks 16 and 48 (dose, 60 mg of adefovir dipivoxil). Kahn et al. [21] noted similar results in a study of the effect of adefovir dipivoxil, 120 mg daily, in HIV-infected subjects; after 24 weeks of treatment, there was an increasing incidence of renal laboratory abnormalities, including elevations in serum creatinine levels (occurring in 60% of subjects by 48 weeks) and hypophosphatemia (occurring in 50% of subjects by 48 weeks). A more recent study of patients coinfected with HIV and hepatitis B virus in which adefovir dipivoxil was administered at a lower daily dose of 10 mg reported no treatment-related nephrotoxicity [22] . In general, the renal laboratory abnormalities associated with adefovir dipivoxil are consistent with a proximal renal tubular dysfunction and are mild to moderate in severity. The incidence of renal laboratory abnormalities associated with adefovir dipivoxil appears to be dose dependent (at 30, 60, or 120 mg), and the abnormalities usually resolve after the drug is discontinued.
The present study has several limitations, and the generalizability of the results is uncertain, given the highly selected study subject population. First, the study regimens were complex and involved taking 26-35 pills daily. It is notable that some study subjects who had a history of virologic failure that may have been due to poor adherence were able to take these complex study regimens and experience longer-term benefits. It is likely that adherence was important in maintaining the longer-term virologic and immunologic responses. Second, resistance testing was not used prospectively in this study. Current guidelines [1, 23] recommend use of resistance testing in patients who have experienced virologic failure to select subsequent treatment regimens, because this strategy has been associated with improvements in virologic treatment response [24, 25] . Third, most of our analyses of durability focus on subjects who achieved a prespecified virologic response at weeks 12 and 16, rather than on the entire study population. This was done to allow subjects who experienced early virologic failure to pursue other treatment options. Further investigation will explore the durability of virologic response for the entire study population. Despite the finding of prolonged benefits among subjects who had initial virologic responses, the overall response rates in this study were disappointing, and better salvage therapies and strategies are needed urgently.
In summary, this study showed that, in a group of treatmentexperienced subjects who responded initially to a salvage regimen, some patients had durable virologic and immunologic responses through week 48. Further research efforts will help define the optimal strategies for using antiretroviral regimens to achieve higher rates of durable virologic and immunologic responses over the long term.
